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Introduction 1
Worldwide, the urban population has reached 52% and is expected to rise at 0.5 to 2 0.87% per year for the next 50 years (United Nations, 2012) . China is in the midst of The risks of environmental harms associated with depositions of urban pollutants 10 may be indicated by the extent of ecosystem services (Faber and Wensem, 2012;  11 Galic et al., 2012; Nienstedt et al., 2012; Pataki et al., 2011; Thomsen et al., 2012) . of pollutants. Van Wijnen et al. (2012) articulated the natural attenuation capacity 1 (NAC) of soils with respect to their ability to biodegrade organic contaminants. The 2 resulting model included multiplying effects of 3 microbial indicators, i.e. functional 3 microbial activity, potential carbon mineralization rate, and potential mineralization 4 rate of organic nitrogen, and 3 abiotic indicators, i.e. soil organic matter content, soil 5 pH, and phosphorus content as proxy indicators (Van Wijnen et al., 2012) .
6
Identifying proper pollutants and employing appropriate metrics would be 7 challenging for assessing natural pollutant attenuation capacities of urban soils as they 8 undergo changes due to rapid urbanization, and there are many pollutants and which in turn were functions of organic matter content, clay content, and pH of soils.
16
In this regard, the soils' pH and organic matter and clay contents would be the 17 appropriate metrics to assessing natural pollutant attenuation capacity of urban soils.
18
In this research, we developed a method to calculate the natural attenuation 19 capacity of urban soils by modifying the ecosystem-service performance index 20 proposed by Rutgers et al. (2012) and Van Wijnen et al. (2012) The ecosystem services are not well defined quantitatively (Luck et al., 2009; van 5 Wijnen et al., 2012) . Rutgers et al. (2012) and Van Wijnen et al. (2012) calculated the 6 ecosystem-service performance index (EPX) of soil using the following equation: Rutgers et al., 2012) . The symbol n denotes number of parameters in the computation.
11
Generally, 4 to 6 parameters with the highest scores were selected among a group.
12
The reference values represent a "maximum ecological potential", which could be 13 brought forward by independent measurements and/or evaluations by professional 14 panels.
15
For the natural attenuation capacity (NAC) of urban soils, we selected 5 soil 16 property parameters ( In the above equation, the variables had all been defined. They represent the key soil 
Study area and soil sampling 15
Beijing as a human habitat dates back for more than 3,000 years. The built-up 16 area now covers about 700 km 2 . Starting from the city center, the city expands over 17 time and outward and is encircled by 5 concentric ring roads, the traffic thoroughfares. and 69 from residential areas (Figure 1 ). These habitats were chosen based on the 7 dominated landscape in each grid. Soil parameters were determined as described in Wang et al., (2011) was measured using an elemental analyzer (Elementar, Hanau Germany).
21
The percentage of impervious paved area of the 500 m × 500 m sampling grids 22 were identified using GIS Arcgis 9.3. 
2
The relative size of the paved surface showed significant negative impacts to 3 NAC of soils in the parks (Table 2) in which the soil's NAC decreased with increasing 4 relative paved surface according to a linear function relationship:
where x represent the paved surface (%).
7
Contrary, the NAC of soils in the roadside traffic area was significantly positive 8 correlated the relative size of the paved surface, while the NAC of soils in residential 9 area was not significantly impacted by the pavement (Table 2 ). Compared to the parks, 10 the traffic and residential areas always contained high percentages of paved surfaces. 
Temporal changes in natural attenuation capacity

15
Urbanization in Beijing has a temporal gradient that depicts how long ago (in 16 years) did the location become urbanized. We labeled this time horizon "construction 17 age" and accordingly every sampling grid was assigned a construction age. The NAC 18 of soils in parks and residential areas significantly increase with the constructing age
19
( we expected they would exhibit the same trend as the park and residential areas 3 (Figure 2 ).
4
To explore the temporal changes of NAC in urban soils, we used the residential 5 areas that composed of a 1 to 50 year temporal gradient and the park area that where t represents the construction age in years. 
Spatial distribution of the natural attenuation capacity 8
The natural attenuation capacities of urban soils in Beijing were spatially coded 9 and grouped into low, middle and high NAC zones (Figure 4) . The low NAC zone 10 was located in the south-west quadrant of the city, while the high NACs zone was 11 found toward the city center and the north-east-south expansion. The footprint of the 12 high NAC zone overlapped the areas that were earliest in undergoing urbanization, 13 while the low NAC zone was found to cover the more recently urbanized city 14 quarters.
15
In terms of regional distributions, there were NAC hot and cool spots throughout.
16
The hot spots were isolated high NAC locations inside the high NAC zone and the 17 cool spots were isolated low NAC locations inside of the low NAC zone. Regionally, 2) In Beijing, soils in public parks showed the highest natural pollutant attention 12 capacities in comparison to other urban land uses, such as residential and traffic areas. 
